Fluorescent membrane probes incorporating dipyrrometheneboron difluoride fluorophores.
The spectroscopic properties of a new series of fatty acid analogs in which a dipyrrometheneboron difluoride fluorophore forms a segment of the acyl methylene chain are presented and their characteristics as fluorescent membrane probes are examined. When incorporated as a low mole fraction component in model phospholipid membranes, the probes retain the principal characteristics of the parent fluorophore: green fluorescence emission with high quantum yield, extensive spectral overlap, and low environmental sensitivity. The fluorescence quantum yield is typically two to three times that of comparable membrane probes based on the nitrobenzoxadiazole fluorophore. The spectral overlap results in a calculated Förster energy transfer radius (Ro) of about 57 A. Consequently, increasing fluorescence depolarization and quenching are observed as the mole fraction of the probe species incorporated in the membrane is increased. Low environmental sensitivity is manifested by retention of high quantum yield emission in aqueous dispersions of fatty acids. Partition coefficient data derived from fluorescence anisotropy measurements and iodide quenching experiments indicate that in the presence of fluid phase phospholipid bilayers the aqueous fraction of fatty acid is very small. Fluorescence intensity and anisotropy responses to phospholipid phase transitions are examined and found to be indicative of nonrandom fluorophore distribution in the gel phase. It is concluded that the spectroscopic properties of the fatty acid probes and their phospholipid derivatives are particularly suited to applications in fluorescence imaging of cellular lipid distribution and membrane level studies of lateral lipid segregation.